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Low temperature deposition of silicon dioxide using organosilanes 


(57) The present invention is a process for very low 
temperature chemical vapor deposition of silicon diox- 
ide, comprising the steps of 

a) heating a substrate upon which silicon dioxide is 
to be deposited to a temperature in the range of ap- 
proximately 150 to 500°C in a vacuum maintained 
at a pressure in the range of approximately 50 to 
750mTorr, 

b) introducing into said vacuum an organosilane 
containing feed and an oxygen containing feed, 
said organosilane containing feed consisting es- 
sentially of one or more compounds having the gen- 
eral formula: 


H 


H 

i 


Ri - Si - CJR\ - Si - 

I I 
H H 

wherein R 1 and R 2 are independently H, alkyl, alke- 
nyl, alkynyl, or aryl, having to C 6 , but only one 
of R 1 and R 2 can be H, or R 1 and R 2 can be con- 
nected by an alkyl chain Cx(R 3 ) 2 , where R 3 is inde- 
pendently H, CJH^ and x = 1 -6, and R 4 is inde- 
pendently H, C y H 2y+1 where y = 1 -6; and 

c) maintaining said temperature and vacuum there- 
by causing a thin film of silicon dioxide to deposit 
on the substrate. 
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Description 

FIR D OF THE INVENTION 

5 The present invention is directed to a low temperature deposition of silicon dioxide films on various substrates, 

such as semiconductor materials, using organosilanes, preferably organo bis (secondary sifyls). 

BACKGROUND OF THE INVENTION 

10 in the fabrication of semiconductor devices, a thin passive layer of a chemically inert dielectric material such as, 

silicon dioxide (SiO^ is essential. Thin layers of silicon dioxide function as a intermetallic dielectric material or as a 
passivation layer. Silicon dioxide coatings in the fabrication of semiconductor devices have a variety of applications. 
Some of these uses are; insulators between polysilicon and metal layers, between metal layers in multilevel metal 
systems, as getters, as diffusion sources, as diffusion and implantation masks, as capping layers and as passivation 

is layers See HANDBOOK OF THIN FILM TECHNOLOGY, Maissell, Leon L and Glang, Reinhard, editors, Mc Graw Hill 
Book Company, New York, 1 970, and SILICON PROCESSING FOR THE VLSI ERA, Wotf, Stanley, and Talbert, Richard 
N., editors, Lattice Press, Sunset Beach, California. 1986. 

Deposition of silicon dioxide over large numbers of wafers can be accomplished using many precursors. Barry 
Gelernt, Semiconductor International March 1990. To date, there are three temperature zones at which thermal CVD 

20 silicon dioxide may be deposited. These are: Low temperature deposition, which is approximately <45CTC, medium 
temperature deposition which is at least 450°C. more preferably approximately 650-750°C and high temperature dep- 
osition which is greater than 750°C, more preferably approximately 900°C or greater. 

There are very few precursors which are known to deposit in the low temperature region. 

25 1)1 ,4-disilabutane (containing the group -SiH 3 ) is reported to deposit at temperatures as low as 1 00°C. One major 

drawback with 1 ,4-disilabutane is its safety. It is extremely flammable and due to its very high fiammability, safe 
manufacture of 1 1 ,4-disilabutane is found to be difficult. A. K. Hochberg and D. A. Roberts Mat. Res. Soc. Symp. 
Proc. Vol 282, pp569, 1993 Material Research Society. 

30 2) The LPCVD silane/oxygen process requires deposition temperatures from 350 to 450°C In a LPCVD process 

deposition under 350°C does not occur. Under APCVD conditions silicon dioxide has been reported to deposit 
below 250°C using very dilute mixtures for small wafer loads, but the films are of poor quality. The major disad- 
vantage is that siiane is a pyrophonc. toxic compressed gas. Bennett, B.R., et al. US Patent # 4900591 . Bennett, 
B. R et al. Appl. Phys Lett. 50(4), ppl97, 1987. 

35 

3) Diethylsilane and other ethylsilanes. A series of homologous ethylsilanes were studied as low temperature 
silicon dioxide precursors. Diethylsilane gave the best results as a medium temperature silicon dioxide deposition 
precursor. Diethylsilane pyroiyzes at 260°C, no deposition occurs below 340°C. Abrupt cessation of deposition 
rate is observed at pressures below 350mTorr and 340°C A K. Hochberg and D. L. O'Meara, J. Electrcchem. 

40 Soc., Vol 136. pp1843, 1989. 

4) Silacyclobutane deposited silicon dioxide as low as 350'C. This precursor is not stable and decomposes to a 
polymer at room temperature on standing for prolonged lengths of time. Silacyclopentane on the other hand does 
not deposit silicon dioxide below 360°C. 

45 

5) Other precursors which are listed in Table 1 .. Methyl propylsitane and Di-t-butylsilane deposit silicon dioxide at 
480° C and 350° C respectively. 

6) Dichlorosilane is reported to deposit silicon dioxide at much higher temperatures 550-900°C. The films are 
so usually contaminated with particulates at lower temperatures. The precursor itself is a corrosive, toxic, pyrophoric 

compressed gas SILICON PROCESSING FOR THE VLSI ERA, volume 1, Wotf, Stanley and Tauber, Richard N , 
editors, Lattice Press, Sunset Beach. California. 1986, ppl84, Chapple-Sokol J. D. Gordon R. G. Thin Solid Films 
171, 291(1989). 

55 The prior art has attempted to provide precursors which can deposit silicon dioxide at low temperatures below 

450°C under appropriate conditions Among these different source materials only siiane and 1 ,4 disilabutane deposit 
silicon dioxide at temperatures below 400°C. However these precursors ar extremery hazardous to handle or manu- 
facture in large quantities. Siiane is a pyrophonc compressed gas and 1 ,4 disilabutane is an extremety flammable liquid 
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•t^st-'s r- si testis ^ - rr;ss 

devices or compound semiconductor device fabrication 
BRIEF SUMM AOY OP THE INVENTION 

The present .nvention is a process for fcw temperature chemcal vapor deposit of sil.on dioxKie, comprising 
the steps of : 

.i h M ,inn a substrale upon which silicon dioxide is to be deposited to a temperature in the range ol approximately 
in a^uTrSntalned a. a pressure in the range of approximately 50 to 750mTorr, 
n rowing ItoZ^ZZ a organosifcne containing leed and an oxygen containing eed, the organosifcne 
c^ng teed consisting essentially o. one or more compounds having the general formula 


40 


45 


SO 


R 


H 

I 

Si 
i 

H 


C X (R«); 


H 

i , 
Si - FT 

I 

H 


55 


where. R 1 and R 2 are independent* H, alky!. alkenyl. alkynyl, or ary leaving C, to£>JonJ, one ofRt and* 
«„ be H « R 1 and R 2 can be connected by an alkyl chain C,(R3) 2 . where R3 « independently H. C^, and 

Preferably, the oxygen containing feed * selected from the group consisting of oxygen gas. N z O. Q 3 and mixtures 

^^.erabry, the oxygen contains feed to organosilane conta,n,ng feed ratx, * between 0 5:1 and 10:1 . 
Preferably, the substrate is a silicon wafer. 
Preferably, the organosilane is 1,2 bis(methylsilyl)ethane. 

ESS S S^^SWSKi* . .,- r .c to Cg. w r' - „ - >. 

comprising the steps of; 

a) heating a substrate upon which si.son dioxtfe is to be deposed to a tempe^rc £ t» range of approximately 
i so .o Sj«C in a vacuum maintained at a pressure in the range of approximately 50 to 750mTorr, 
bf^cing Jo t^ vacuum a 1 ,2 bis<me,hy, S i,y„e.hane containing feed and an oxygen conta.mg feed; and 
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c) maintaining the temperature and vacuum Ihereby causing a thin film of silicon dioxide to deposit on the substrate 

RRiPP DFSCRIPTION OF THE DRAWING 

5 FIG 1 is an FT-IR spectrum of a typical film of Si0 2 produced by the present invention's process using 1 ,2 bis 

(methylsilyl)ethane in which Transmittance is graphed against Wavenumbers (cm-1) 

HFTAII FD DESCRIPTION OF THE INVENTION 

,0 The present invention describes deposition of silicon dioxide at an unusually tow temperalure using organosilanes. 

such as organo bis (secondary silyls). These precursors are highly volatile, thermally stable and less hazardous than 

silane which is typically used for silicon dioxide deposition. 

Economically, the largest industrial application of this invention is in the manufacture of integrated crcurts m which 

silicon dioxide is deposited on a substrate comprising silicon or another layer in the composite construct«n of an 
-5 integrated circuit; however, this invention is applicable to deposition of silicon dioxide on other substrates n the tern- 

perature range of 1 50 to 500"C. particularly using tow pressure chemical vapor depositor 

Low pressure chemical vapor deposition processes (LPCVD) invorve chemical reacts that are allowed totake 

place in L pressure range of 150 mtorr to 2 torr. Chemical Vapor Depositon (CVD) processes can be descnbed n 

the following sequence of steps at a given temperature, pressure and ratio of ttie reactants: 

20 

1) Reactants are introduced into the reaction chamber and may be diluted with inert gases, if needed 

2) The reactants are allowed to diffuse to the substrate. 

3 The reactants are adsorbed on the substrate and the adsorbed molecules undergo migration^ 

4) Chemical reactions occur on the surface and the gaseous byproducts of the reaction are desorbed leaving 

25 behind the deposited film. 

The reactions are initiated by several methods; e.g., thermal or photons. 
Thermal energy is used in the LPCVD process, which occurs in a special reactor 

Horizontal and vertical tube hot wall reactors are the most widely used for LPCVD in VLSI manufacturing. They 
30 are employed tor depositing poly-Si, si.tcon nitride and undoped and doped silicon dioxide films. These reactors are 
used eSensivety because they are economical, have high throughputs, the deposited films are unrform and can ac- 
comrrSL large diameter wafers ( 6" and 8') Their main disadvantages are suscepttoility to peculate contamination 

^ S System consists of a rotary vane pump/roots btower combine and vanous co« traps The reactor 
35 pressure is cc^trolted by a capacitance manometer feedback to a throttle valve controller Reactor loading consistsof 
e gh y 00 Zd-ameter sihcon wafers at 9mm spacing in standard diffuse boats The boats are 
L that the wafers centers are slightly above the center of the reaction tube. This produces a uniform conductance 
abound me Zle< peripheries by compensating for conductance restrictions caused by the boats and the sled The 

the wafer load for the data presented is ± 1 »C as measured by an mtema, multifunction 
40 thermocouple Deposition uniformity down the wafer load is improved by a temperature ramp 

^rJositton experiments of the present mention were earned ou, in a horizontal tube reactor, but the deposrton 
with these precursors will occur even in a vertk*. tube reactor. The precursor was fed through an open Rector to the 
first wafer position Oxygen was also fed from the door of the furnace seperately. 

T^e sSdary o^nosilane compounds c. the present invention possess .ow flarr^abiMy and tow deposttcn 
45 ~ratu^ a cten^cs tor silicon dioxide film formation This compares favorably to M^isilabutane. when sa 
pT^aSdTsLe Inordertoreducethe 

^SSSZ T^isilabutane, several derivatives of 1 ,4<lisitabutane were synthessed and invested, two of 

the alky! derivatives are listed below 

I CH 3 SiH 2 CH 2 CH 2 SiH 3 

so 

II. (CH 3 } 2 SiHCH 2 CH 2 SiH 3 

in addrt.on to these expounds where there is at teast one primary sifcne <-SiH 3 ). we have also investigated a 
ser.es of s^dary monosilanes (contain^ the group SiH,) such as d.ethyls.lane, d, (t*utyl)s,lane, methyipropyls,- 
55 lane silacvclobutane, sitacyclopentane and dichlorosilane. 

A^oughVhese compounds showed promise In deposing a. moderately tow temperatures, compound! was s^N 
highfy Smmable. Compound I. and the secondary monosrlanes needed h.gher depose temperatures. Deposrtion 
temperatures for the monosilanes are listed in Table 1 
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We have discovered tha, 1 ,2 bisfmethy.sHyDe.hane. CH 3 S,H 2 CH 2 CH 2 SiH 2 CH^ 
«M*\ has the properly to deposit silicon dioxrie at very low temperatures. Our deposition results at IStfC art ivery 
s.lyls) has the P'°P e "V secondary monos.lane precursors such as diethylsilane. d. (i-butyQsdane. meth- 

S r PnS 7in?s ,acy«^^^ 

Sing To S3S£ plSr Co* .he tew deposition temperature o, the present *ven,ton is apparent, 
.„ , h '„,«„„r» ol two silicon atoms in the organosilane which are n close proximity 

1 C^dl™ mc^os ^e Cursors diemylsifene has been most extensively stud*d. D«thylsi.ane pyrohzes 
a, 2 ^C rdSr^^C.'. On tie other hand, abrupt cessa.ten of depose rate * observed a, 

'"when wtTub'sS" TbSylsilyOethane .or dathylsUane. deposrtion of silcon dioxide was achieved even 
bJSS? TKSSii J- we're Plained at pressures befcw 350mTorr and deposits temperatures as tow 

TABLE 1 


45 


50 


55 


Precursor 

Deposition temperature (*C) 

Dichlorosiiane 
Methyl propylsilane 
Di-t-butylsilane 
Diethytsilane 

1.1 Dimethyl 1,4 disilabutane 
Silacyciopentane 
Silacyclobutane 

1.2 bis(methylsilyl)ethane 

550 
480 
350 
340 
240 
360 
350 
150 


The organosilanes ot the present hven.ion comprise one or more compounds having the general formula: 

H 


R 


H 

Si-R 2 


H 


Si - c x (FT) 2 

I 

H 

wherein R 1 and R* are independent, H. alky., alkenyl, alkynyl. or aryl, having C, to C 6 , but only one of R' and * can 
ha h w R' and R* can be connected by an alkyl chain C X (R3) 2 , where R3 is independently H. C^, and x - 1 -6, 

R. and * are independent, " ^ 

alkyl chain C X {R\. where R^ is independently H. ^^^'^^^^ such compounds include 1 .2 
^h^l^neT^ 

bis(ethyls.lyl)ethane. 1 .2 bls <P r ^^ n !™ ' ' ' ' expiated, such as 1 ,4 silacyclohexane. Other orga- 
^h^ 

" organos^nes of the ^^g^J^Zl ini".* 

elevate* ^^J^"^ ^7^ -) •« «*— - sifc " "** 
silicon dl ° x ^; e ^ , ^ U c r toS e t0 JJTer surface then the resuming IHm. are ot good quaWy. Thus one 
are formed. When the react™ hete rogeneous reactions are favored over gas phase 

^ anl T K rZ ZZ procesTand b) a surface process. The gas phase 

reactons Th CVD p oc *sscan ^ ^^te This is modeted by the rate a, which gases cross 
phenomenon is the rate at which gase > imp a surtace Such lransporl processes 

2 3^ S^toTd^ o, the gas and concentration gradient across the 
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20 


25 


30 


^ .mnnrtant when the oases reach the hot surface, but the surface 
boundary .aye, Several »^^^^pS^^ P»— • a, a rate wh,ch . a functon 
reaction, in general, can be modeled by a thermally ^aci ■ * , .ncreases with mcreasmg 

o, the «J-^ so tha, the react*, rate exceeds 

temperature For a given surface reaction in v ^ ^ rapld , y 

the rate at whk* reactant species arrive at the J"*^^^ transDOrt . This « referred to as a mass- 

man the rate at which reactant gases are supplied » ate bym eventua|| ^ me 

transport .imrted depose «~ "^K^JS Surface reacts process. Under such 
concentration of reactants exceeds ^ temP9 ratures, the deposition is usually mass- 

or results from one pressure reg*ne or ^^^T^^^ temperature of the process is an important 
In processes that are run under ,eac.»n rate-l^rted ££££ ^ m J^ n a action 

parameter. That is, uniform deposition rates * ^^TwaTer surfaces. On the other hand, 

rate. This, turn, implies that a constant ^^'^^T^^^^. since their concentration does 
under such conditions, the rate at which ^^^^^X^J an equal flux of reactants to all 
not limit the growth rate. Thus, it is not as cnt«al mat ^^'^^^^eTscan be stacked vertically 
locations of a wafer surface. It will be seen tha ,n f^^^^TSS r^de The reason for this is as 
and a, very Cose spacing ^^SZ^^XSiS^^ the gas spec.es h leased by a 

the substrate surface, and the rate-luting step dioxide films on silicon wafers by using 

The present invention is a method of depositing M« pu£ ill con <*° source s have 

seconda^ organs 

at least one secondary silane and preferably have t w f 9 ****"* fe (jed ^ at approximately 1 SOmtorr- 

volatile liquids, which are safer to handle t«ne ^ J^^^S, the s^dary organodisiiane 
750mtorr in the temperature range of »PP™ m f* !»C ™ ^ ^dilute and control the rate of reaction, 
and oxygen Orally an inert gas diluent, such as ni^en, a ^^^^ Q( Q 5;1 t0 0 5:50 ^eir use * 

The molar feed -^JS^^^2K Substrates ,s Comparable to the utilization of the 

■ ^ h is hereby bV re,6renCe here ' n " " * 
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Example 1 


50 


55 


„ of 1 2 bis (methylsilyllethane with oxygen under LPCVD conditions. The precursor 

The process involves reaction of 1 ,2 bis (meinyisnj r ^ , ^ reac , ants are 

and oxygen are introduced into the heated Z£ was vaned from 0.5:1 to 4: 1 in dflerent 

flowed over wafers into me ^ M r ^^^^^ p oc the surface of a silicon water. These films 
runs of the expenment. A continuous film of sllic ° n ^ e ' ' 3£*d out in a 1 50mm hot wall LPCVD horizontal 
are suitable for integrated circuit manufacture. A typ^a ™ ™ s ^ rn ^™ involves loading the quartz reactor with 
tube reactor, although the apparatus configuration is no. crrt^l. The * temperature at which 

75 ,o 100 ^^^^J^^ SSc^an Supplied by e«her a p.sma or s^p.e 
the depos«»n will be „ advantageous because the equipment is less expensrve than 

resistive heating. However. "W*;™*™**™^™ film damage often associated with plasma reactors, 
ma, required for plasm. ^J^Z^S^S!^ * deX mB "«*™ °' * " 

- 1 c~r^ r o, .s = is a — ^h^r:^ 

o^he invent should be ascertained from the cfcims which follow. 
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Claims 

1 A process lor very taw temperature chemical vapor depos.tion of silicon dioxide, comprising the steps of 

a) heating a substrate upon which silicon dioxide is to be deposited to a temperature in the range of approx- 
imately 150 to 500°C in a vacuum maintained at a pressure in the range of approximately 50 to 750mTorn 

b) introducing into said vacuum an organosilane containing feed and an oxygen containing feed, said orga- 
nosilane containing feed consisting essentially of one or more compounds having the general formula: 

H H 


R 1 - Si - CJR 4 ) 2 * Si - R 2 

I I 
H H 


wherein Ri and R* are independently H. alkyl, alkenyl, alkynyl. or aryl. having C t to C 6 , but only one of Ri 
and R 2 can be H, or R 1 and R 2 can be connected by an alkyl chain C X (R3) 2 . where R 3 is independently H. 
C H>v 1 and x = 1 -6, and R 4 is independently H. CyH^ where y = 1 -6; and 

containing said temperature and vacuum thereby causing a thin film of silicon dtoxide to deposit on the 
20 substrate 

2. A process according lo Claim 1 wherein the said oxygen containing teed is selected from the group consisting of 
oxygen gas, N z O, 0 3 and mixtures thereof. 

« 3. A process according to Claim 1 wherein an oxygen containing feed to organosilane containing teed ratio is between 
0.5:1 and 10:1. 

4. A process according to Claim 1 wherein said substrate is a silicon wafer. 

30 5. A process according to Claim 1 wherein said organosilane is 1 ,2 bis(methylsilyl)ethane. 

6. A process according to Claim 1 wherein said organosilane is 1 -methylsilyl, 2-silyl ethane 

7 A orocess according to Claim 1 wherein R' and R* are independently alkyl. alkenyl. alkynyl, or aryl, having C, to 
' C 6 or Ri and R 2 can be connected by an alkyl chain C X (R 3 ) 2 , where R3 is independently H. C,^, and x = 1 -6 

8. A process for low temperature chemical vapor deposition of silicon dioxide, comprising the steps of: 

al heaiinq a substrate upon which silicon dioxide is to be deposited to a temperature in the range of approx- 
,matelv 150 to 500"C in a vacuum maintained at a pressure in the range of approximately 50 to 750mTorr, 
bl introducing into the vacuum a 1 ,2 bis(methylsilyl)ethane containing feed and an oxygen contamng feed; and 
c) maintaining the temperature and vacuum thereby causing a thin film of silicon dioxide to deposrt on the 

substrate 


45 


so 
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